suMMARY In order to establish a new echocardiographic index of the severity of mitral stenosis, left ventricular echocardiograms were digitised using manual tracing and a computer. The instantaneous. left ventricular dimension was measured in 15 patients with mitral stenosis. The peak rate of change of left ventricular dimension (peak dD/dt) and the normalised peak rate (peak dD/dt/D) during early diastole were significantly lower in mitral stenosis than in normal subjects. Also, the time between the second heart sound and peak dD/dt was significantly shorter in patients with mitral stenosis than in normal subjects. Correlation between the mitral valve area calculated from the Gorlin formula and peak dD/dt/D was good, while valve area was poorly correlated with the EF slope of the anterior mitral leaflet echo. It is suggested that by continuous measurement of left ventricular dimension and of its first derivative, the reduced atrioventricular blood flow in mitral stenosis can be shown, and that peak dD/dt/D during early diastole is a possible index of its severity.
There is no doubt that echocardiography is useful and qualitatively reliable in diagnosing mitral stenosis when an adequate recording of both leaflets is obtained. This technique also provides important information for surgeons on the thickness and pliability of the valve leaflets and the size of the left ventricular outflow tract. Several investigators (Segal et al., 1966; Edler, 1967; Effert, 1967; Gustafson, 1967) have claimed that the diastolic EF slope of the anterior mitral leaflet reflects the severity of mitral stenosis. As has previously been reported by others (Mary et al., 1973; Cope et al., 1975; Shiu, 1977) , we also have frequently noticed discrepancies in patients with mitral stenosis between echocardiographic data and data obtained invasively by cardiac catheterisation and angiography. We have found that the EF slope is not a sensitive measure of the severity of mitral stenosis and is often misleading in individual patients.
We have used a new index, derived from the rate of change of the left ventricular dimension measured from echocardiograms using a computer-assisted method, which correlates well with the mitral valve area and may be useful in clinical practice.
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Methods

PATIENTS AND CARDIAC CATHETERISATION
Fifteen patients with isolated mitral stenosis were studied by cardiac catheterisation and echocardiography. There were 3 men and 12 women, ranging in age from 26 to 56 years, with a mean age of 38-7 ±8-9 years. Five patients had normal sinus rhythm, and the others were in atrial fibrillation. Ten normal subjects, 9 men and 1 woman, ranging in age from 15 to 31 years, with a mean age of 20 0 ±59 years, were also studied echocardiographically. All patients underwent left and right heart catheterisation. The mitral valve area was calculated using the modified Gorlin formula (Cohen and Gorlin, 1972 (Yang et al., 1978) . The mitral diastolic gradient was measured in early diastole, at end-diastole, and midway between these two, points, and the average of these 3 measurements was taken as the mean gradient. This figure was averaged over 5 cardiac cycles. Peak dD/dt/D, normalised peak rate of change of left ventricular dimension. All measurements shown as mean ± SD. * Statisaical significance of difference from normal group (P < 0-001).
(1) Left ventricular end-diastolic and endsystolic dimension in cm.
(2) The peak rate of change of left ventricular dimension (peak dD/dt) and the normalised peak rate (peak dD/dt/D) during early diastole in cm/s and s-1, respectively. Peak dD/dt/D was obtained by dividing peak dD/dt by the instantaneous dimension at which it occurred and read directly from the print-out. Student's t test to determine statistical significance was performed, and the P values less than 0-05 were considered statistically significant.
Results
NORMAL SUBJECTS
In the normal group, the mean heart rate was 63-6 ±10 0 beats/min, the left ventricular enddiastolic dimension was 4-3 ±03 cm, and endsystolic dimension was 2 8 1±0 cm. Peak dD/dt during early diastole was 10-66 ±1 32 cm/s and peak dD/dt/D 3-33 ±0-29 s-1, and this occurred 84-0±17-4ms after aortic closure (A2-peak dD/dt time). These results are given in detail in the Table. MITRAL STENOSIS
The most striking abnormality in this group was a reduction in the peak rate of change of the left ventricular dimension during early diastole (peak dD/dt) to 5.89 ±1.74 cm/s and peak dD/dt/D to 1 76 ±0-64 s-1 compared with normal subjects (P <0001) (Fig. 2, 3 ). A2-peak dD/dt time was 56-0 ± 17-8 ms and was also significantly shorter than in normal subjects (P < 0 001) (Fig. 4) . Heart rate, left ventricular end-diastolic, and endsystolic dimension were 705 + 11 0 beats/min, 4-5 ±0t5 cm, and 30 ±04 cm, respectively. These values did not differ significantly from those in normal subjects. The calculated mitral valve area (MVA) ranged from 06 to 2-2 cm2, and the EF slope of the anterior mitral leaflet from 0-2 to 2-8 cm/s. The EF slope correlated poorly with the calculated mitral valve area (r=0-44) (Fig. 5) . In the same patients, the correlation between the peak rate of change of the left ventricular dimension (peak dD/dt) and the calculated mitral valve area was better (r=0*64) (Fig. 6) ; however, there was a relatively wide scatter in patients with a mitral valve area less than 1-5 cm2. There was much better correlation when peak dD/dt was related to the instantaneous dimension) (Fig. 7) ; the regression equation was: MVA = 0-51 x peak dD/dt/D + 0-69 (r =0.70).
Discussion
Since the initial description of the echocardiographic abnormalities in patients with mitral stenosis (Edler, 1955) , numerous reports have appeared. Edler observed that the diastolic EF slope of the anterior mitral leaflet in patients with mitral stenosis was conspicuously reduced compared with normal subjects. Several investigators (Segal et al., 1966; Edler, 1967; Effert, 1967; Gustafson, 1967) found that this EF slope was quantitatively related to the severity of stenosis and the mobility of the valve. However, more recent investigations have shown a poor correlation between the EF slope and the severity of stenosis evaluated at cardiac catheterisation (Cope et al., 1975) , and it has been suggested that while the echocardiogram is a reliable method of diagnosing mitral stenosis the EF slope is an unreliable index of the severity of this lesion. Because the EF slope does not provide a satisfactory quantitative index of the severity of mitral stenosis, we studied the rate of change of the left ventricular dimension as a measure of the rate of ventricular filling, and tried to evaluate this as an index of severity. It has been shown that there is a close correlation between echocardiographic and angiographic measurements of ventricular filling in patients with a variety of forms of heart disease, and that changes in the echocardiographic left ventricular dimension may be taken as an index of ventricular filling Brown, 1973, 1975) . This method has also been used to assess diastolic function of the left ventricle in patients with hypertrophic cardiomyopathy, in which slow ventricular filling has been shown (St. John Sutton et al., 1978) , and to study the genesis of the third heart sound (Furukawa et al., 1977) . Using this method of measurement of the rate of left ventricular filling, we found that peak dD/dt in early diastole, occurring at the time of peak atrioventricular flow, was reduced in patients with mitral stenosis to a half of that in normal subjects. We also found that peak dD/dt occurred earlier in patients with mitral stenosis than in normal subjects. This A2-peak dD/dt time was always 10 to 60 ms less than A2-OS time. These results suggest that in mitral stenosis, peak ventricular filling rate is much reduced and that this peak occurs before the opening snap.
Our results confirm those of Gibson and Brown (1973) in showing that this technique is useful for evaluating ventricular filling. The correlations between the echocardiographic indices, peak dD/dt and peak dD/dt/D, and the calculated mitral valve area were fairly good. The correlation coefficient between peak dD/dt/D and valve area was highest (r=0-70), and we suggest that this measurement may be a valid index of the severity of mitral stenosis. On the other hand, the EF slope of the anterior mitral leaflet echo correlated poorly with the calculated mitral valve area (r=0A44). In mitral stenosis, the valve leaflets are thickened and rigid, fused at their commissures, attached to thickened chordae, and often calcified. After opening, the valve leaflets probably move little relative to the valve ring, and the EF slope of the anterior mitral leaflet is thought to be profoundly influenced by mitral ring movement (Zaky et al., 1968; Chakorn et al., 1972) . This view is supported by the analogous motion of the cage of a mitral prosthetic valve which is a rigid structure sutured to the valve ring. The rate of diastolic descent of the cage and ball is much reduced in the absence of significant obstruction across the prosthesis. If the movement of the anterior mitral leaflet in mitral stenosis is indeed related to movement of the valve ring, it is not surprising that the EF slope has little relation to the mitral valve area (Mary et al., 1973; Cope et al., 1975; Shiu, 1977) .
Because of the unreliability of the EF slope as a measure of the severity of mitral stenosis, Shiu (1977) proposed another index. He derived a mitral valve closure index calculated from the rate of approximation of the anterior and posterior mitral leaflets, and found that this was closely related to the severity of mitral stenosis. Though the posterior mitral leaflet moves anteriorly during diastole in most patients with mitral stenosis, it moves posteriorly in some patients, as in normal subjects. Furthermore, identification of the posterior mitral leaflet is difficult in some cases of mitral stenosis. In these cases, Shiu's index may be inaccurate. Strunk et al. (1977) tried to assess the severity of mitral stenosis and prosthetic mitral valve obstruction from the posterior aortic wall echo. They derived an atrial emptying index from this echo and found that it correlated well with the calculated mitral valve area; this index was also useful in detecting dysfunction of the prosthetic mitral valve.
In this study we used the Gorlin formula. However, this may be a possible source of inaccuracy, particularly as the pulmonary artery wedge pressure was measured as a substitute for direct measurement of left atrial pressure. Resulting errors in calculation of mitral valve area may reduce the correlation between echocardiographic and haemodynamic indices of severity. Diastolic filling rate may be difficult to measure in those patients with severe mitral stenosis and abnormal septal movement (Weyman et al., 1977) , and may not measure severity of mitral stenosis in those with impaired left ventricular function who show an abnormal left contraction and relaxation pattern in the posterobasal area of the left ventricle (Heller and Carleton, 1970) , and in the presence of other valve lesions. However, in other patients measurement of peak dD/dt/D was useful for evaluating the severity of mitral stenosis. The computer-assisted technique used in this study to obtain instantaneous measurement of the left ventricular dimension with its rate of change was quick and simple to carry out.
We agree with previous authors (Mary et al., 1973; Cope et al., 1975; Shiu, 1977) 
